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This report presents the final results of one of the projects participating in the military -effects
programs of Operation Hardtack. Overall information about this and the other military -effects
project~s can be obtained from ITR- 1660, the "Summary Rteport of the Commander, Task Unit
3. " This technical summary includes: (1) tables listing each detonation with its yield, type,
enviroament, meteorological conditions, etc.; (2) maps showing shot locations, (3) discussion of
results by programs; (4) summaries of objectives, procedures, results, etc., for all pr'ojects;
and (5) a listing of project reports for the m ilitary -effects programs.
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ABSTRACT
The purpose of this project was to ate the effects of blast forces, radiation,
and water waves resulting from nuclear explosions on var i rt-type structures and
previously exposed test structures located on the various islands o0 wetok Proving Ground,

The major effort of the project, a joint WAterways Experiment Station an and Narver, 1'K
Inc., effort, was concentrated on the early shots which were expected to yield the mnst signifi-
cant information for this project. To cover any supplementary information from .he later shots,
because the project was to be a minimum effort of funds and personnel, arrangements were
made with Holmes and Narvwr, Inc., for the project to receive appropriate additional data from
the later shots from the damage survey normally conducted by that organization in the field.
This report contains the general effects data for the stalions investigated from all ihe shots of
concern to t eas project.

No electronic recording was utilized: however, self-recording measurements of air over-
pressure and accelera.tion were mad.- ".t sem:,rud statkns, alu,,g with somc tnea.uiementz, o1
erosion due to water waves. The damage surveys were performed by visual inspection, photo-

graphs, and level surveys.
The curve used for predicting air overpressure, the most important phrrameter in determining

blast damage, proved to be reliable. Observed pressure data obtained during this operation
correlated well with the prediction curve, which was based on data obtained from previous op-
erations. I

The curve used for predicting acceleration for floor slabs of structures appears to give
reasonable values. However, limited data was obtained, and the over-all reliability of the
prediction curve is uncertain.

It was found that the path-of -least-resistance method for predicting radiatior, within structures
proved adequate. The slant -thickness method did not give realistic values.

No structural damage was observed which was attributable to thermal radiation. Steel was

observed for exposures up to 1,400 cal/cm2 ; concrete surfaces showed n.inor spalling at 650
cal/cm2 .A

Structural damage, due to water waves, may be neglected for close-in structures designed

to withstand air blast. At greater distances, where air blast is of no great consequence, wAter
waves must be considered in structural planning.

Damage to camps (light, wood-frame type construction) was investigated. The damage cata

compared with and amplified the data contained in TM 23-200 (Reference 8) pertaining to wood-
frame structures. Damage to antennas and radar reflectors correlated well with data in the ref-
erenced manual also. The curve of Reference 8 for predicting damage to three-story, blast-
resistant buildings is also adequate.

Reinlnrcing steel Ir rnn'q of bi•-t'.-rei stunt structures should be designed to provide more
uniformity of stiength. Positive reincorcemeut should be continuous extendinK over .u~lpiorts;
at least one-hali of the negative steel should be carried beyond the point of inflection a sufficient
distance to develop the allowable stress in sich bars ur a distan.-e equal to the depth of the mern-
Ler, whicne-cr distance is grpater.

A ground-surface 21,000-gallon water tank of '/,-inch bolted steel plate, 8 feet high and 22 feet
in diameter, suffered only light damage when exposed to pressures of 6.5 and 7.0 psi.

Heavily reinforced-concrete, earth-mounded structures (walls and roofs 5 to 6 feet thick with
spans up to 5 feet) survived air overpressures up to 1,000 psi.

Objects located close behind earth mounds within a distance approximately equal to the height
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of the mound received considerable protection from dynamic pressures at overpressures cf 35
pai and lower.

Exposed itandard 2-inch and 4-inch water pipes, Including standard rising-stem valves, sur-
vived pressures up to 8 psi without any sign of damage.

The method u~ed for predicting pressures at a zero angle of incidence on the front and rear
faces of diffraction-type targets is satisfactory for both design and analysis purposes. At ang'ýs
of incidence greater than zero however, the method is satisfactory for design purposes only. The
predicted shapo of overpressure-time curves for the roof of diffraction-type targets was not in
close agreement with measured results.
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PREFACE
This project -was a joint, coordinated effort between the U. S. Army Engineer Watei ways Experi-
ment Station (WES), Vicksburg, Mississippi, and Holmes and Narver, Inc. (H&N), Engine.rs
and Constructors, Los Angeles, %aIuurnia. This joint venture 'is made possible by the efforts
of personnel from both the Armed Forces Special Weapons Project (AF3WP), and the Atomic
Energy Commission (AEC). For WES, the project was under the general direction of E. P. Fort-
son, Jr., F. R. Brown, and G. L. Arbuthnot, Jr., with W. J. Flathau designated as the project
officer. For H&N, the project was under the general direction of R. R. Alvy and S. B. Smith,
with R.A. Cameron designated as the assistant project officer. Special recognition is given to
Cupt. E. S. Townsley, of WES, who prepared the appendix on radiation. Also contributing to this
project were Sp2 R. P. Andrew, Pfc. C. W. Dentel, and Pfc. D. G. Brown, of WES. The co-
operation received from personnel of the Los Alamos Scientific Laboratory (LASL), the University
of California Radiation Laboratory (UCRL), the Stanford Research Institute (SRI), and the Ballis-
tic Research Laborato:'ies (BRL) greatly assisted this project in meeting Ls objective.
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Chopter I
INTRODUCTION

1.1 OBJECTIVE

The objective of this project was to record and evaluate damage from blast, radiation, and
water waves to selected pre-existent and ne,- structures at the Eniwetok Proving Ground by
examination and measurement before and after certain test detonations. The damage properly
assu•iated with shot geometries can provide valuable information to designers and planners of
structures to resist the effects of nuclear weapons.

1.2 BACKGROUND

Many structures have been b-:" j.; i br tests at the Eniwetok Proving Ground for the purpose
of housing scientific instruments in extreme environments. Damage to these structures was
reported, but their exposure to nuclear effects was only incidental to their function, and the op-
portunity to gain useful information from their behavior was not exploited. In addition, consid-

erable effort and funds have been invested in prior operations for structural tests, per se. Some
of these structures still exist in an undamaged or partially damaged condition. Since a number
of these structures were supposed to be subjected to severe loading conditions during Operation
Hardtack, an opportunity was afforded to obtain valuable information on structural response and
damage with minimum additional effort. Therefore, this project was planned to exploit the op-
portunity to gain general information that would amplify and supplement existing design criteria
and concepts.

The selection of pre-existent btations that were investigated was based upon au u,-btv bur-
vey of structures made in November 1957. Certain new test structures were also included where

it was predicted that they would be subject to high pressure and temperature or destructive water-
wave action.

1.2.1 Previous Damage Surveys. Damage surveys were performed for Operation Ivy (Ref-
erence 1), conducted in 1952, and for Shot 1 of Operation Castle (Reference 2), conducted in
1954. These surveys described damage from a total of three shots; for this reason, no overall
discussion of damage-distance relationships as a function of shot yield was made in either report.
In addition to the published reports (References 1 and 2), Holmes and Narver, Inc. (H&N) made
damage observations and took numi•r.us p-!o ogra&vhs of scientific staLions during a 'perattnn Castle
(1954) and Operation Rcdwing (1956). The postshot damage reports prepared by H&N were given
only 1inAited distribution within the I EC. Since no complete damage iurveys are available for
Operations Castle and Redwing. thL H&N reports were reviewed, and R Rim'n-iary of the niserel-
laneous damage observations arc tabulated in this report for the first time for a more general
distribution.

Shot geometries with pressure contours for Operation Castle are shown in Figures 1.1 and
1.2 for Bikini and Eniwetok, respectively. Table 1.1 summarizes the blast damage observations

for Shots 2, Z 4, 5, and 6. Damage due to Shot I is thoroughly presented in Reference 2; how-
ever, pert!r,•-- results are presented in Chapter 3 of this report.
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Shot geometries with pressure contours for Operation Redwing are shown in Figures 1.3 atnd
1. %. and the summary of blast damage observations Is shown in Tables 1.2 and 1.3.

The summary of blast damage observations for Operation Hardtack is shown in Table 1.4.
Salient conclusions reported during previous surveys ~References 1 and 2) are given below.

1.2.2 Conclusions from Ivy Damage Survey (1952). (1) Exposed steel beams Anid pipes attached
to structures were damaged or destroyed by' overpressures of 11 psi and greater. (2) Small Build-

TABLE 1.1 OBSERVATIONS OF 0GROW DAMAGE: OPFRATION CASTLE*, BIKINI AND ENIWETOK ATOLLS

Dsrpinsite nho Code DaaeGrounad

It pei

Concrete Structure:

Station 1341; reinforced concrete. Able 2 Romeo severe damage; tie third story T.500 95
3 story Instrument @ehlter, above was blown completely off.
ground. Damaged and left in a

weakened condition by shot Bravo

(Scofrews. 1).I

station It .. ndowlesa, 16 loet to George 1 Bravo Moderate domae&; plwood 54,400 2.4
eaves 3 1/, inch x 3% Inch' x .pns 1,M5~?owd f In to feeot
Inch eteel eangle atdatt at 48 inches am peael rlpoed off.
or .; 64-lncb exterior plywood.

Stoel Framed Structure:

Stauion 2210; steel freamed with cor- Sugar 3 Roan Moderate damasge; frame us- 5.600 8.3
rugated aluminum rooting and damasged; roohn blhwn off.
siding exposed end-oa to blast. some slieig blows off.

Storage Tanks:

POL facility; four 1.000-barrol Sugar 3 Komn sever. dsxagse; bleast wave blew 4,000 1s
*fuel storage taanks the top off one teask. all teamk

damaged end teasked toel: spilled
fuel barned, severely damaging
all tanks.

* Towers:

Timber water tower;.30 feet high'. Fox I Bravo Undamaged 51.000 1.9
eta 12-tech x 12-Inch columns;
guyed at the 30t foot level; 2 full
4,100 gallon water tanks in place.

Station 50.01; sateses array of fIve Nan 1; Yankee Completely leveled ?$,0ON 1.3
75-foot trylon lovers; guyed at 3
levels; 3 Xguy at esob guy level.-

statio 1302.04; 75-foot, equare, Janet 8 Nectar Aododrsle damage; lower undais- 19'45o 4.5
steal photo tower, aged; cab frame was twisted aol

membeers bent; cab siding and
rollup leors damaged beyon
prectical repair.

Field Generators and Fuel Tanks:

Building DO-SOift v Ars -KW geo- Dog 1 Brava Undamaged 40.500 4.2
orators, 3 pontoon fuel tanke I.--*
tooted by high surrounding berm.

Statlln 110.03; eaposed ge&trators. Dog 1 Bravo Damaged; c.xtsnt unmiport-.d. 41'.1to 4.1.

UtII Il tIe a:

Station 3211.5; expo@4ed vacuum Suager Now Moderate damage 6,500 8.3

5
Covers chase vations made subsequent to the Shot 1 damage survey reported in Rteference I

ings covered with thin sheet metal over diagonal wood sheathing generally withstood overpressures
up to 5 and 8 psi. However, one structure of this type was badly damaged by an overpressure of
4.5 psi. 113) Lightly constructed wood-frame shacks sheathed with corrugated metal and located

* ~In regio;... wvith overpressures greater than 4 psi were completely destroyed. No structures of
this type were located in regions subjected to less than 4-psi overpressure. (4) Palm trees were
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Figure 1,3 Shot geometry with pressure contours for Bikini Atoll, Operation R'edwing (1956).
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Figure 1.4 Shot geometry with presure contours
for Eniwetok Atoll, Operation Redwing (1956).
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